A bioassay employing green or etiolated cuttings ofPhaseolus aureus Roxb. was developed for determining malformin-induced growth stimulation in light. Growth 27-29 C). Deionized water was added daily to maintain the volume at approximately 6 ml. After 3 days the stem length was measured. Measurements from each vial were averaged and considered as a single determination. Each test contained three or four replicates; experiments were performed at least three times. The growth increment was determined by subtracting the original height from the final height of the cuttings. The growth increment ratio was obtained by dividing the growth increment of treated cuttings by that of controls (water-treated). Etiolated seedlings were exfised 7 cm below the top of the hook (average stem length 7.5 cm) and treated similarly.
The recent discovery that malformin is a potent stimulator of plant growth (10) , inhibits several phytochrome-and ethylenemediated responses (6) , and has been found in nature (7) justifies further research on this unusual growth regulator. Among phytochrome-mediated responses inhibited by malformin were hypocotyl hook opening, leaf expansion, inhibition of stem elongation, and anthocyanin synthesis by sorghum (6) . Ethylenemediated responses inhibited by malformin include hook retention, inhibition of stem elongation, root curvatures (6) , and stem swelling (4) . Paradoxically, malforniin potentiates ethylene-induced abscission on cuttings of Phaseolus vulgaris (4) , and although malformin delays hook opening, it inhibits ethyleneinduced hook retention (6) .
When additional studies on the stimulation of plant growth by malformin were initiated to evaluate the relation of malformininduced growth stimulation to light quality or quantity, it was apparent that a more convenient, rapid, and sensitive assay was required. I report here on a new assay employing cuttings of mung bean (P. aureus Roxb.) which fulfills these requirements.
MATERIAL AND METHODS Malformin A from Aspergillus niger van Tiegh. 58-883 was used (13) . Approximately 125 seeds of Phaseolus aureus cv.
Oriental were sown in each of a series of plastic cartons (11.5 (1) . In two experiments no growth stimulation occurred when seeds of P. aureus were soaked for 12 hr in 0.1 to 10 ,UM malformin. Seed soaking was also ineffective in inducing malformations on seedlings of P. vulgaris by malformin (1) .
The effect of seedling age on the response of cuttings to malformin-induced growth stimulation was examined. Because the sensitivity of cuttings from seedlings of different age might vary, several concentrations of malformin were used (Table II) . Using etiolated cuttings, malformin stimulated the growth of cuttings from seedlings of all ages and the optimum concentration (0.1 ,UM) did not change. The GIR gradually increased at the optimum concentration as the seedlings aged. Because of the debilitated condition and fragility of 6-day-old etiolated seedlings, however, they were not employed in subsequent experiments. The GIR of etiolated cuttings of P. vulgaris also increased as seedlings aged. Green cuttings of P. aureus responded less as the age of the seedlings increased. Although malformin stimulated the growth of green cuttings from all seedlings, a well defined optimum concentration was obtained only with cuttings from younger seedlings. As in previous experiments, the GIR of green cuttings was greater than that of etiolated cuttings.
In a time-course study of malformin-induced growth stimulation, green and etiolated cuttings were measured at daily intervals and returned to the vials for further development (Fig. 1) . The response of green cuttings was faster than that of etiolated, and much of the growth enhancement was apparent after 24 hr, To determine those areas of the stem responding to malformin, green seedlings were marked at 1-cm intervals with India ink, treated with water or malformin (0.1 ,IUM) for 3 days in light, and each of the stem segments measured. The growth of only the top 2 cm of the stem was stimulated by malformin, and most of the stimulation occurred in the top 1 cm. Similar results were obtained using etiolated cuttings.
The influence of stem length on the response of green cuttings to malformin was examined. Cuttings with 7-, 4-, and 2-cm stems were treated for 2 days and measured. Cotyledons were removed from all stems prior to treatment. Although the growth increment of treated and control cuttings declined as the stem length decreased, malformin stimulated elongation in every case. The GIR of cuttings with a 2-cm stem was greater than that of cuttings with longer stems. The small size of these cuttings, however, was inconvenient for both excision and measurement.
The effect of removing leaves, apical bud, or cotyledons on the response of green cuttings to malformin was also determined (Table III) . The growth increment of controls and malformintreated cuttings declined when the apical bud, leaves, or cotyledons were removed, but none of these organs were necessary because malformin stimulated elongation in every case. On the contrary, the GIR was increased by removal of any of these organs. The most pronounced increase in GIR occurred on cuttings without apical buds or cotyledons. Although removal of the apical bud was laborious because of its small size, cotyledon removal was easily accomplished. Removal of more than one organ did not lead to further enhancement of the GIR.
When the top 2-cm stem sections were "floated" in Petri (5 x 1.5 cm) dishes containing 2 ml of test solution for 24 hr in light, no growth enhancement by malformin was observed (Table IV) . The upper surface of the sections was above the surface of the solution. Addition of 2% sucrose to the solutions did not induce growth stimulation by malformin. When similar sections were incubated in an upright position, basal end down, in small vials, malformin stimulated elongation (Table IV) . The effect of IAA and GA3 on the growth increment of green cuttings in the presence and absence of malformin was tested (Table V) . IAA alone did not enhance the growth, and at the highest concentration (100 ,AM) it inhibited growth of controls and enhancement of growth by malformin. At 0.1 ,tM, growth stimulation by malformin was slightly greater than that of GA3 367 internodes which require considerable cell division, elongation, and differentiation to reach maturity. These differences may account for the ability of malformin to either inhibit or stimulate elongation. GA3, which was nearly additive with malformin in the mung bean assay, markedly reduced inhibition of internode elongation when malformin was applied to apical buds of P. vulgaris but did not reduce the severity of the malformations (1).
ASSAY FOR MALFORMIN GROWTH STIMULATION
The failure of malformin to stimulate elongation of stem sections "floated" on test solutions in Petri dishes apparently resides in the method itself because malformin stimulated elongation of similar sections when they were placed upright in small vials with the upper half of the sections exposed to the atmosphere. Malformin stimulated the elongation of cuttings with stems no larger than the sections. Neither the absence of leaves, apical bud, cotyledons, or an energy source appear to account for the failure of floated stem sections to respond to malformin. In similar experiments using decapitated root sections, malformin inhibited elongation (9) .
Although inhibition of phytochrome action might explain growth stimulation by malformin in light, but not in the dark, definitive proof is lacking. Interference in extensin synthesis, or reaction with sulfhydryls (8) involved in primary wall extension might also account for malformin effects on elongation and on ethylene-or phytochrome-mediated responses (6) . The mung bean assay should be useful in determining the relationship of malformin action to these processes.
